The current authors did a retrospective review of the medical records of 47 patients with spinal cord injury secondary to gunshot wounds who were admitted to National Rehabilitation Hospital between 1993 and 1999. There were 44 male patients and three female patients; the mean age of the patients was 24.7 years (range, 15-56 years). Thirty-seven patients had paraplegia (27 had complete paraplegia, 10 had incomplete paraplegia) as a result of their gunshot wounds, and 10 had quadriplegia (eight had complete quadriplegia, two had incomplete quadriplegia). None of the weapons were identified. The most common firearm types were low-velocity weapons. The length of acute hospitalization increased with the number of associated injuries. Rehabilitation total length of stay was proportional to the injury classification (paraplegia, quadriplegia). The daily occupancy fee in the National Rehabilitation Hospital was approximately $1900. Patients were admitted to the hospital when acute medical and surgical problems had been cleared and when they were ready to participate in rehabilitation and therapy.
Once considered a wartime injury, by 1973 gunshot wounds were second only to motor vehicle accidents as the leading cause of traumatic quadriplegia and paraplegia. 16 By 1998, gunshot injuries to the spinal cord had increased by 68% comprising 21.8% of all etiologies. 14 Gunshot wounds are common in urban settings and spinal injuries are among the most serious of such wounds. During the past 2 decades, there has been a dramatic shift in the etiology of spinal cord injuries and the persons who sustain them. Historically, the leading cause of spinal cord injuries has been motor vehicle accidents. The percentage of persons who have sustained spinal cord injuries from violence, however, has increased noticeably as reflected in the database of the National Spinal Cord Injury Model System. From 1973 to 1989, violence accounted for 13.3% of cases entered into the National Spinal Cord Injury Model System database; from 1979 to 1982, 15.1%; from 1983 to 1986, 17.2%; from 1987 to 1990, 20.8%; from 1991 to 1994, 20.4%. 11 The principal cause for an increase in spinal cord injury was firearm violence, and the injuries sustained are seen more frequently in urban medical centers than in rural areas. In urban facilities, 1% to 50% of injuries treated are caused by violence; in rural facilities, the range is 6.6% to 21.2%.
A review of the patients admitted to the Rancho Los Amigos Hospital Spinal Injury Center revealed that gunshot wounds were second only to automobile accidents as a cause of traumatic quadriplegia and paraplegia. 10 As with all spinal cord injuries, gunshot injuries can result in devastating disability and can incur significant costs to the society. Gunshot injuries currently are the third most costly cause of injury in individuals in the United States. 9 The objective of the current study was to determine the direct costs of rehabilitation of patients who have sustained spinal cord injury caused by gunshot wounds. For the current review, cost is defined as the value associated with rehabilitative care at the National Rehabilitation Hospital in Washington, DC. There is a need for documentation and analysis of the relationship between the rehabilitation and cost of spinal cord injury caused by gunshot wounds because this will identify specific correlative rehabilitative care that will serve as target factors toward cost reduction. Specific aims include determining age, gender, ethnicity, level of injury, neurologic status, ambulatory aids, length of hospital stay, complications, associated organ injury, specialty consultation, and hospital costs.
MATERIAL AND METHODS
The current authors reviewed inpatient medical records of 47 patients with spinal cord injury secondary to gunshot wounds who were admitted to National Rehabilitation Hospital between 1993 and 1999. To qualify for inclusion in the study, patients had to meet the following criteria: sustained their injury between 1993 and 1999, received all nonacute rehabilitative care at the National Rehabilitation Hospital, and sustained a permanent injury with an associated neurologic deficit. Variables studied included age, gender, ethnicity, injury classification (paraplegia or quadriplegia); injury severity (com-plete spinal cord injury or incomplete spinal cord injury); neurologic level of the injury; circumstances of injury; and whether contact by the missiles with the vertebral column or spinal canal was direct or indirect. The authors also reviewed surgical interventions (laminectomy or spinal decompression); benefits of the treatment; common complications; length of hospital stay; mortality rate; cost of inpatient and outpatient care (cost of wheelchairs and other equipment pertaining to rehabilitation); and patient's insurance status.
RESULTS
The mean age of the patients was 24.7 years (range, 15-56 years); 89% of patients were younger than 35 years. Males accounted for 93% of the patients. The ethnic distribution was as follows: black, 91.4%; Hispanic, 6.4%; white, 2.1%. There were 37 patients (78.7%) with paraplegia (27 had complete paraplegia, 10 had incomplete paraplegia) and 10 patients with quadriplegia (eight had complete quadriplegia, two had incomplete quadriplegia). The distribution of injuries was as follows: 10 cervical injuries (21.3%), 27 thoracic injuries (57.4%), and 11 lumbar injuries (23.4%). The most common surgical interventions associated with traumatic spinal cord injuries were laminectomies, laparotomies, and myocutaneous flaps for decubitus ulcers (Table 1) . Steroid therapy was offered to all patients treated at the National Rehabilitation Hospital. Forty-six of the patients had associated complications develop including clinical depression, sacral or ischial ulcers, neuropathic pain in the lower extremity, neurogenic bowel and bladder dysfunction, and urinary tract infection. Thirty-four of 37 patients with paraplegia had neurogenic bowel and bladder dysfunction develop (51.4%) and 19 patients had clinical depression (51.4%). Of Table 2) . Twelve completed bills of the 47 patients involved in the study were available for review. Of these, two patients had cervical level injuries, seven patients had thoracic level injuries, and three patients had lumbar level injuries (Table 3 ).
DISCUSSION
The current study of patients with spinal cord injury caused by gunshot wounds revealed a predominant percentage of minority patients entering the second and third decades of life. The authors' observation of the predominance of nonwhite victims (91% black, 6.4% Hispanic, and 2.1% white) may reflect the demographics of Washington, DC. Although the authors suspected a high incidence of urban gang violence in a majority of cases, potentially associated with the drug war, confirmatory information was unavailable in the patients' medical records. The wounding capability of a bullet is dependent on its kinetic energy, which is determined by the formula KE ϭ 1 ⁄ 2 mv 2 . Doubling the velocity of a projectile has an exponential effect on the resultant kinetic energy as opposed to increasing the mass of the slug. Military ballistics exploit factors related to missile velocity. Typically, military muzzle velocity is between 2000 and 4000 feet per second, whereas handguns, the weapons involved in most shootings involving civilians, have a relatively low velocity (600-1100 feet). Military and typical urban weapons use approximately the same weight of slug. The kinetic energy at close-range impact produced by a civilian 0.22 caliber bullet fired from a handgun is approximately 124 ft lb. The kinetic energy produced by the military 30.06 is approximately 2940 ft lb. 19 When tissue is struck, a phenomenon known as cavitation occurs as a function of expended kinetic energy. A temporary cavity is produced as the bullet passes through the body. Adjacent tissue cells become secondary projectiles hurtling outward from the primary wound tract as explosive velocity and then collapsing inward. 6 A higher kinetic energy produces a larger temporary cavity and therefore may cause destruction at a point far distant from the primary wound tract. The degree of destruction is concentrated in tissue with the highest specific gravity (bone) and at the point of initial impact, decreasing exponentially with the distance penetrated. 3 The lower velocity of most gunshot wounds in civilians makes a direct impact with the spine, which is a requirement for spinal cord injury. 2, 15 A study of 142 victims with spinal cord injury caused by gunshot wounds showed a 94% male preponderance. 15 The current finding was similar (93%). The distribution of the neurologic levels of injury in the current series (21.27% cervical, 57.44% thoracic, and 23.4% lumbar) is similar to that reported by other authors. A three-toone ratio of patients with paraplegia to patients with quadriplegia probably is attributable to the small target area of the neck and possibly a higher early mortality rate among individuals sustaining cervical wounds. The current authors observed that 74.4% of patients had complete injuries, findings similar to those reported by Simpson et al 15 (66% complete) and Jacobson and Bors 8 (69% complete). More than 65.9% of the patients reviewed had some surgical intervention, either laminectomy or spinal compression, exploratory laparotomy, and myocutaneous flaps specific for decubitus ulcers. Most of the exploratory laparotomies were associated with thoracic gunshot wounds (40%). Myocutaneous flaps were associated with cervical lesions (90%). Urinary tract infection, neurogenic bowel and bladder dysfunction, neuropathic pain, decubitus ulcers, and clinical depression were among the most common clinical issues ( Table 2 ). In a report by Chen et al, 5 based on data in the National Spinal Cord Injury Statistical Center database, there has been a decline in the length of acute care hospitalization after spinal cord injury, which has resulted in the occurrence in the rehabilitation setting of medical complications that previously were seen in acute care. Among the most common long-term medical complications were pressure ulcers, autonomic dysreflexia, and pneumonia and atelectasis. Risk factors included complete injury, tetraplegia, older age, concomitant illness, and violent injury. 13 The most prominent underlying cause of death after injury resulted from respiratory disease, which represents a drastic change compared with 50 years ago when urologic complications were the underlying etiology. The current authors have analyzed the rehabilitation of 47 patients with spinal cord injuries. Although no clear benefit was shown from surgical decompression (laminectomies) and exploration, the limitations of a retrospective study precludes a firm recommendation for a treatment protocol.
In 1990, injuries cost more than $20.4 billion in direct costs for hospital and other medical care, and in indirect costs for long-term disability and premature death. 12 It is estimated that there are approximately three nonfatal firearm injuries for every death associated with a firearm. 1 In 1994, firearm injuries were the second leading cause of death for young people 10 to 24 years and the third leading cause of death for persons 25 to 34 years; approximately 29% of those who died from firearm injuries in 1994 were 15 to 24 years. 4 Between 1985 and 1994, the risk of dying from a firearm injury has more than doubled for teenagers 15 to 19 years. 4 Spinal cord injury is an increasingly costly health problem consuming a large portion of the healthcare budget of the United States. Approximately 8000 injuries occur each year resulting in an annual expenditure of $4 billion, 17 and, of the penetrating injuries, 66% are preventable. According to Garland and Wharton 7 in the mid1970s, motor vehicle accidents were the cause of 50% or more admissions to specialized rehabilitation centers. During the past decade, there has been a shift in those statistics reflecting a predominance of spinal cord injury caused by firearms.
The costs to society of firearm-related spinal cord injuries may be categorized as direct and indirect. Waters et al 18 reiterated the definition of a direct cost 12 as one that represents actual expenditure of funds and includes the costs associated with care. Direct costs can be divided into acute care, rehabilitation costs, and lifetime care costs (Tables 4, 5 ). Indirect cost is the value of lost productivity where no actual expenditure of funds occurs, even though an economic cost to society exists.
In a retrospective study at the Rancho Los Amigos Medical Center in Downey, CA, Kane et al 10 Sixty-four percent of the injuries occurred in the thoracic region. More than 60% of patients sustained an injury to at least one other major organ system. The ratio of patients with paraplegia to patients with quadriplegia was 3:1. Acute and rehabilitation length of stay in patients with quadriplegia far exceeded similar parameters for patients with paraplegia. However, when comparing patients with gunshot injuries with those injured from falls, motor vehicle accidents, or diving accidents, acute and rehabilitation length of stay was significantly less. Charge determination was based on a daily occupancy fee of $785 in 1980. 10 Little cost analysis was conducted, and no overall direct cost was given.
In another study, the average per-patient cost of acute care and rehabilitation for spinal cord injury caused by gunshot wounds treated at Rancho Los Amigos Medical Center from 1980 through 1991 was $137,118 (in 1991 dollars). 7 The total cost during the 11-year period was $78 million, and after factoring in this as a 20% to 25% estimate of the total lifetime care cost associated with spinal cord injury, the total cost of such injury from gunshot wounds treated at this center was between $312 and $390 million (in 1991 dollars). The authors of the study reported that the majority of these patients will survive between 30 and 50 years after sustaining their injuries, and that the average annual cost per patient after rehabilitation is $10,000 per year (in 1991 dollars). They emphasized that the savings in physical complications effected by rehabilitative care far exceeded the cost of rehabilitation treatment, even though the latter costs are undeniably high. The authors stated that the first step toward cost control should be the development of consistent reporting and documentation formats. Greater awareness of the cost trade-offs may help stem the current trend toward decreased funding for treatment.
Ostensibly, indirect cost are difficult to assess. Waters et al 18 quote Max and Rice's 1985 estimation of indirect costs to be 2 ⁄ 3 of the $2 billion annual total costs associated with firearm injury requiring hospitalization. However, spinal cord injuries represent a particularly severe consequence of firearm injuries and logically can be assumed to have even greater direct and indirect economic costs than do average firearm injuries. Waters et al 18 recommended that an accurate estimate of indirect costs can be obtained by gathering data on the patient's employment status and income level, before and after surgery.
Perhaps the best attempt at cost analysis in this particular area was done by Carrillo et al 3 from the University of Miami, who studied adolescent patients with spinal cord injuries caused by gunshot wounds. They focused on the acute care and rehabilitation experience in a cohort whose average age was 17 years. Their cost analysis considered the charge-tocost ratio at the hospital and was based on an United States Medicare Cost Report formula.
Using a reimbursement to actual cost ratio of 0.51, they estimated a direct cost of $142,710 (length of hospital stay averaging 85 days) for the mean hospital charge for patients with quadriplegia and $87,750 (length of hospital stay averaging 58 days) for patients with paraplegia. For 15 of the 19 patients (79%), payment was made with some form of tax revenue: (Medicaid, Medicaid eligible, or the state of Florida's Crime Victim Compensation Fund), and for the remaining 21% of patients, payment was made by private insurance, self, or charitable funds. This study was limited by the small number of patients involved. Also, there was no stated statistical analysis that correlated the nature of the injuries, associated injuries, and hospital care of the patients with the actual cost.
